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Design Goals

- Design a 28 GHz phased-array planar antenna, where each antenna is excited by a
separate module
- Small Cell Phased Array Module need to cover the range and angle of street area

- The module is composed of:
- PCB - as the motherboard, multilayer patch antennas and their feeding lines

- SMT Module — for passive components, Beamforming and MMIC FEM module
- SMA Connector — for RF signal to the other modules
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5G Scenarios

“Overview of Millimeter Wave Communications for
Fifth-Generation (5G) Wireless Networks-with a
focus on Propagation Models”, Theodore S.
Rappaport, Yunchou Xing,

Multi-tier network

Internet
Air Interface

~_ (end user
| equipmeht)

Suburban Landscape
j Average house height ~ 10 m
152 m ____________/- _ ____ Py __.__;_.___/_‘ ______________ Internet
Macrocell
Urban Landscape AP and BH
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“5 Things to Consider When Designing Fixed Wireless ¢ e
Access (FWA) Systems”, Qorvo focriz
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RSU for C-V2X and Smart City

Public RFID
Security Application

Environment Monitoring

Mobile LTE/Cellular Network

Applications
. _~ | OEMbackend
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AP and BH

From NGMN Alliance website AP (with inband BH)

Access beams
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5G 3GPP mmWave Channel Model (WINNER Il, METIS)

TABLE 11
CALCULATION AND COMPARISON OF PATH LOSS.

Path loss of popular deployment scenarios (dB)
s UMi-Street UMi-Street UMi-Street UMi-Street
Frequency/distance | UMa-LOS | UMa-NLOS Canyon-LOS | Canyon-NLOS | Open-LOS | Open-NLOS
LTE Band 41
2.6 GHz. d=100m 84.8 107.5 83.4 112.7 81.9 105.6
28 GHz, d=100m 105.5 128.2 104.1 1334 102.6 126.3
39 GHz, d=100m 108.4 131.1 107 136.3 105.5 129.2
39 GHz, d=100m, |09 4 132.1 108 137.3 106.5 139.2
rain and oxygen loss
LTE Band 41
2.6 GHz. d=1 km 104.9 137.5 103.2 144.6 100.4 134.5
28 GHz, d=1 km 125.5 158.2 123.9 165.3 121.1 155.2
39 GHz, d=1 km 128.4 161.1 126.8 168.2 124 158.1
39 GHz, d=l km, |36 169.2 134.9 176.3 132.1 166.2
rain and oxygen loss

I ' Heavy rain of 25mm/h model is used

“5G Cellular User Equipment: From Theory to Practical Hardware Design”,
Yiming Huo, et al.

Example Calculation !!
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BFM Scenario Calculation
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mmWave Beamforming Topologies

“5G Fixed Wireless Access Array and RF Front- .A‘ 2
End Trade-Offs”, Qorvo - E’ > ﬁ " > II> :

ni.com/awr

Digital Beamformer

+ » Subarray
. . PanelN

S XXX
KRR RRK

s
)

INININININININ
JAVAVAVAVAVAVAVA'
AVAVAVAVAVAVA
Corporate Feed
AVAVAVAVAVAVAVA

< <4< mEEN

B




China National C

ctronic Design Innovation Confere

B FIRit el RS

Path loss and Link Budget Calculation
- ADI 200m NLOS Link budget example in suburban FWA

TX Antenna Array

60 dBm EIRP

RX SNR after beamforming

“Bits to Beams — RF Technology Evolution for 5G mmwave Radios”, ADI @ Microwave
Journal Nov. 2018
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Link-budge Analysis for DL & UL in VSS

TONE

ID=A1

FRQ=3.5 GHz
PWR=9 dBm
PHS=0 Deg
CTRFRQ=3.5 GHz
SMPFRQ=
ZS=_70 Ohm
TN=_TAMB DegK
NOISE=Auto
PNMASK=
PNOISE=No phase noise

1T ¥

™
ID=TP1

PRx=PTx+GTx+GRx-FSPL
Pnoise=-174+10logBW+NF
SNR=PRx-Pnoise
EIRP=PTx+GTx

ni.com/awr

SUBCKT
ID=56
NET="RF_TX"
LOFREQ=24.5
LOPWR=10
GCONV=-10

NFMixer=10
FP1=27
FP2=29
N1stFilter=5
GAIN_1=20
P1dB_1=30
NF1stAMP=3

SPwr{18.9003 dBm
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5G_CHANNEL
ID=81
CTRFRQSEL=Propagated
TXNUMANTELEMS=1
RXNUMANTELEMS=1
DATA=""
STDCHPROFILE=3GPP (5G): CDL-A, 28GHz, UMi, Normal Delay

% 2

1 1, /; ix 2 1
ﬁ } —Ba— = o 8E
\ 5G_CHANNEL /

ANTENNA ANTENNA
ID=S4 \ ID=53
ANTGAIN=26 dB \ / ANTGAIN=26 dB
RADPAT="  SPur[a2.3003 dBm] L RADPAT="
THETA=0 Deg SPur[ST.0997 M) THETA=0 Deg
PHI=0 Deg PHI=0 Deg

[ DB(P_node(TP.TP1,TP.TP2,10,1,0))1] (dBm)

| DB(C_GP(TP.TP1.TR.TP2:1,0,0){1]
System Diagram 1 Systom Diagram 1

50

-100

m1:
4.942
-81.62 dB
Power Gain, Cumulative, dB
Freq=3.5 GHz

Siy

-150

TONE (A1)

W =k

ANTENNA (54@1)

T

SUBCKT (5@2) SG_CHANNEL(S182)  ANTENNA (83@2) SUBCKT (85@2)

P
ID=TP3

SUBCKT
ID=85
NET="RF_RX"
FP1=27
FP2=29
N1stFilter=7
GAIN_1=25
P1dB_1=13
NF1stAMP=2.5
GCONV=-6
P1dB=20
1P3=30
LO20UT=-25
IN20UT=-20
LO2IN=-25
OUT2IN=-25 ID=TP2
NFMixer=6
LOFREQ=24.5
LOPWR=10

ID=52
Z=_70 Ohm

b -
-[-52.1565 dBm

MCS Value Achieved by Clients at Various Signal to Noise Ratio Levels (SNR)

21 23 25 26 27 8 Z 30
MCS3 MCS3

4

MCS3 MCS3 MCS3 MCS3 MCS3 MCS3 MCS3 MCS3

802.11b  20MHz
802.11a/g 20MHz MCS7 MCS7 MCS7 MCS7 MCS7 MCS7 MCS7 MCS7 MCS7 MCS7
802.11n  20MH; |MCSIEH MCSIEN MCSIBN MESIBI MCS 7 MCS7 MCS7 MCS7 MCS7 MCS7
802.11n  40MHz MCSS5 MCS5 MCS6 MCSEIMCS7 MCS7 MCS7
802.11ac  20MH; |MIGSISH MCSIEN MCSIBN MESIBI MCS 7 MCS7 MCS7 MCS7 |MIGSIBN Mcs 8
802.11ac 40MHz MCSS McSs NIGSIEN MCS7 MCS7
802.11ac 80MHz MCS4 MCS4 MCS4 NIGSISH MESISH MicSEn MCS6 MCS6
802.11ac 160MHz MCS3 MCS3 MCS3 MCS4 MCS4- MCS4” MCSS5 MCSS5\MCSé6 MCSé
Theoretical throughput for single Spatial Stream (in Mbiv's)”

MCS  Modulation c.,‘,m' 20MHzchannels 40 MHzchannels 80 MHz channels 160 MHz channels

Index”  type  rate 500 ns GI 400 ns GI 800 ns GI 400 ns G 800 ns Gl 400 ns Gl soonsai wensal | Jse HT40 MCS7 on

0 BPSK n” 65 72 135 15 293 5 85 65

1 QPSK n” 13 144 7 0 585 65 "7 130 802.113c that SNR mUSt
2 oPsK 3 195 217 405 &5 878 |75 1755|198 have greater than 28dB
3 16-QAM n 26 289 54 60, "7 130 234 260

4 16-QAM e 39 433 81 %0 1755 195 351 (3%

5 64QaM 233 52 578 108 120 234 260 468 520

6 64-QAM £ 585 65 ms 135 2633 2925 5265 585

7 64-QAM 5% 65 722 135 2025 25 585 650

8 256-QAM 34 7% 867 162 180 351 390 702 780

9 256-QAM 5% NiA NA 180 200 3% 4333 780 866.7
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Design Equations/Goals

* NLOS/LOS Path Loss:125/95 dB

Element Antenna Gain: 6

Array Gain: 9+6 dB (X/Y)

Beam Width: 102/>302 (Scanned X/ Fixed Y)
TX PA Output Power:

- Linear: 24dBm Ideal Array Factor

- Psat: 33 dBm N (y-axis) Max Gain (dB) | Beam width
EIRP: 2D (degree)
60

- Linear: 45dBm 2 1 3
- Psat: 54dBm 4 1 6 34
8 1 9 18
2 2 6 60
4 4 12 34
8 8 18 18
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Element Patch Antenna for 28GHz
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28 GHz Si-based Integrated BFM

China National C

Air Cavity
i i w0 — S AN AN S~ Lid substrate
L B _BF B B B B & J SR (Er 3.5, tand=0.015, 15um) 30:
L A A _ B & _E _E _E _J 1 (Cu, 15um) L1: Patch
— -~ -~ -- — -~ -~ Frame PPG12 (Er 3.7, tand=0.007, 30um) o ;33:‘_.;—'._»:
" LS oy
PPG23 (Er 3.7, tand=0.007, 30um) |- GND-wall
— — Base substrate PPG (Er 3.7, 1and=0.007, 30um)
= — 756 r4 (Cu, 28um] GND Wall
—— —— = UM | core (Er 4.4, tand=0.006, 400um) GND Wall
4 - - " — = . GND Wall
H-port RFIC Layer5 (Cu, 28um) Ls: GND
TN PPGS56 (Er 3.7, tand=0.007, 30um)
PPG67 (Er 3.7, tand=0.007, 30um)  |: Feeding line,
oy
PPG78 (Er3.7, Ian::ﬂ 0()"7', 30um) VDD/GND
45iGe RFICs sR(Er:”:\d‘::‘.;:‘.ITsum) Main Board
and BGA balls —
(b) (d)
This work Anokiwave
ucsb LG ucsp
O O O O [ VL‘ ] “ﬁg‘;gf;” 0 ‘Q‘:’:::;f:’ (RFIC2017)  (RFIC2017)  (IMS 2017)
L5 = = ==» 2x2 TRX Beamformer 12-layer PCB
HEAEREEREn L1 {0 | [ AZmm Simultaneous
L] L] = polarizations 2 U 0 2 d
g G = _
1 O |00 [ 1|01 O E|R
[ 5 T E B = 3 Number of ICs 4 8 8 2 1
L1 O | O [ OO ViaDrill
3 D 3 g ¥ 24.5dBm
'-' '-' L] '-' INIQUT ;E::;;::lon 54dBm (Psat)  50dBm (P1dB) 41‘32";2;1:3) 31.5dBm (Psat) (P1dB)
9GHz
BT p— —
= S
iter L= GF SiGe 8HP ) Jazz SBC18H3  TSMC 28nm RF
IC Technology 130nm Not published SiGe BICMOS CMOS s;gz%: csnl-:l?és
“A Scalable 64-Element 28 GHz Phased-Array Transceiver with 50 dBmEIRP and 8-12 Gbps5G Link at 300
Meters Without Any Calibration,” IMS2018
“A 28-GHz CMOS Direct Conversion Transceiver With Packaged 2 x 4 Antenna Array
for 5G Cellular System” JSSC May 2018 7NATI°NAI.
“Phased Array Innovations for 56 mmWvae Beamforming,” IEEE 5G Summit, IBM 2015 ’ INSTRUMENTSN
ni.com/awr
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Nokia 28GHz Backhaul

Wilkinson power !
divider/combiner pler
Mixer
IF input \ 2
Joutput

LO synth.

Attenuator =

MCU
(AGC control)

Fig. 1 A partial block diagram of the transceiver (branches 3, 4, 5, and 6 are not shown to improve clarity)

—

RSSI detector | Phase shifter

PA, LNA; phase shifter -
& switches of gaelcha

(%2 &%

“Design and measurement of a 5G mmW mobile backhaul transceiver at 28 GHz,”
EURASIP Journal onWireless Communications and Networking (2018)
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Create New Process for BFM

- Simplified Beam Forming Module’s structure:

GaN MMIC FEM SiGe Beamforming Chip

Stripline BPF

N\

GND

GND

GND

Apertu{oupled

Stack Patch Antenna y NATIONAL

INSTRUMENTS
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Create Your Process — Multilayer PCB

- You may use the “Create New Process” tool in order to define the process of
your project

- In this example —a multilayer PCB with air frame

» | Create New Process

- Options Material Stack | Layer Display | Layer Display 30 | Vias/brills|
:’mss ca’"e :\;w: ?GHI AlP DK Layer Name Layer Type IsVia Er  Tand Sigma  Thickne... - Add
rocess Version 0.0 Al
Length unit . [Topair  |Dielectric ] 1.0 0.0 5
DBUgS\Ze (mm) 0.005 Mo1 Conductor : 58800000 0.018
T l s - w' d H I AWR - Via01 Conductor ¥ 58800000 0.018
-oo S c"pts '_'In ow ‘-e p — Top Cover to Sub01 Dielectric o] 22 0.001 0.125
Bottom C N = = =
TXL- l; :T';r‘:::amn © M02 Conductor ] 58800000 -0.018
- INg... B . gond tor Layers 7 Via02 Conductor v 58800000 0.018
uctor Lay . g
. . .. Sub02 Dielectric 01 0 0.76
@ 5crlptlng Editor Alt+F11 Conductor Name Format,| M# Mo3 Conductor 58800000 0.018
Via N F it Via# e
Slabsla":e NnrmBF t Slabiﬁ Via03 Conductor 58800000 0.018
rate Name Form =
| Create New Process...  Alt+F10 e F,IT/: L Sub03 Dielectric 22 o001 0.387 3
ill/Keep Ou o =
P : T Conductor 58800000 -0.018
Job Monitor... Conductor 58800000 0.018
Dielectric Il 22 0.001 0.221
Job Scheduler Admin... Conductor ] 58800000 0.018
Conductor v 58800000 0.018
Manage AddlnS Dielectric 2.2 0.001 0.203
- Conductor O 58800000 0.018
- Conductor v 58800000 0.018
Configure 3rd Party EM Solvers e T 22 oot o1 |
N Conductor | 58800000 -0.018 i
Options... - SRR =
Layer Name
Hotkeys...
Customize... Top Boundary: Bottom Boundary:

createLayers] [ Save... II Load... ] [ Defaults... [createPDK...]l Close ] [ Help
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Create Your Process

- The new process generates the following:
Global definitions: multiple MSUB and STACKUP models =00 Layer Setup

-.[E] AWR 28GHz AiP PDK.Ipf
o You may add or modify them &l Layout Options
=& Cell Libraries
A new layout process file (LPF) =88 AWR_PCB_VIA
-85 AWR_PCB_VIA
Including an automatic mapping of schematic’s layout and EM layout -85 Blind_1_LTO_LT1 1
----- B Buried_1_LTO_LT1_1
VIAmodels S Buried_1_LT1 LT2_1
----- B Buried_1_LT2_LT3_1
Drawing Layer Options - AWR 28GHz AP PDKIpf | e B Buried_l_LT3_LT4_1
(Qgenersl | Drawing Layer 2d Properties B Buried_1_LT4_LT5_1
- - ey 1 [ S B Buried_1_LT5_LT6_1
B Buried_1_LT6_LT7_1
----- B Buried_1_LT7_LT8_1
----- B Thru_l

%
<
g
2

aaaaa

|
Dk

11111

111111

9 Moz Name:

190 00 0 0 0 0 <

1 0 < e s < o s s
SESESESESESESESENESESESESENESESENESENEN NSNS

o) [Comen ) [Crmien ) (o 7NATI°NAI-
" INSTRUMENTS
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- Shape Modifier in Layout
- Parameters in Stackup

- Optimization Goals of
Antenna Gain and RL

ID=EM5
Aeigriticls (<lB) L=W2 mm
1 FE=Center
ID=EM2
L=W mm
FE=Center
Pattern N\
LBt
LIRS
Nt aaan KEEP_LIB=NO
15 9.25 g
’ ID=EM3 \ .| ID=EM4 ID=EM6
) L=L mm ggr. N\ L=L2 mm
Iy FE=Center =% \ FE=CentdrE=Cent
v
i N\
-20 1 85 \
Y |a | Variables (Showing 55 of 55) \ N
7] 2¢ wivield |42 2 \ NN
Document Element D Parameter  Value v Tune vOptimize v Constrain Lower \ SN NN
-25 7.75 AXM_23GHzEleml  EQN L1 23207975 1462002 [ ] v 15 \ 1NN NN
AXM_28GHzElem!  EQN w2 5.17035068748684 | 7] v 48 MMy NN
AXM_28GHzEleml  EQN W 4,12000077706684 || ¥ v 4 \ N NN
AXM_28GHzElem!  EQN W_SL 0.847410672372997 ] ¥ vl 04 R N —
AXM_28GHzElem!  EQN s 0.250687061823448 | @ v o1 03
AXM_28GHzElem!  EQN L 2.67717744263465 | vl vl 25 29
-30 7 AXM_28GHzElem!  EQN L2 2.84182301252336 | v vl 26 3
27 275 28 28.5 AXM_28GHzElem!  EQN HI 0.387 [} vl v 025 0635
AXM_28GHzElem!  EQN H2 0.7 (=] v v o7 1
Frequency (GHz) AWR 28GHz AiP PDK_EQN _TEMP 27 ] =] ] .

INSTRUMENTS
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Antenna Design With AntSyn s

q 1ext view

oo e

- AntSyn™ is an EM-based antenna design and synthesis tool | oo

Band Start 27 Stop 29 GHz v Custom ¥ Num Freqs Auto Auto o Leam more ¥
- Set the antenna goals
Note: Antenna will be optimized 3™ more ¥
- Choose any antenna from a large and flexible data base T
- AntSyn will optimize the antenna for you

180°

® Gain vs Elevation Angle
Gain vs Azimuth Angle
Gain and Beamwidth (Elevation)

Antenna Library &
Gain and Beamwidth (Azimuth)

. Learn more ¥

I/ Fiter View by Atthis elevation:  Gain should be:
Format: ® tcons O List d = s B

Note: All antenna library images show the antenna axis oniented toward the Z axis. — %,
50

x

® View by Type © View All * View Best for Spec @ 0 4 Pattern Efficiency: 33.0% (4,703 48)
o ealizability: Goo
3d || aritrary | enviro | hom | multifunc | patch | planar || wire Select all shown patch antennas 30 o
" % 0 o 3D gain angle visualization
Gain: M greater M equal M less

90 ® -40

Z

W[

\4
Dual aperture-coupled Dual aperture-coupled Aperture-coupled Aperture-coupled i
CP stacked rectangular CP stacked square stacked planar inverted- stacked rectangular ring Coverage in Azimuth
patch patch, squar F antenna ( patch, re ¥ Rotationally symmetric around the Z axis
Parameters Parameters Parameters Parameters Parameters This spec covers -180 to 180  degin Azimuth )(
| squarestack_aper CJ D 4 D CJ _aper CJ _aper
rthog_aper rthog_equalsides_aper (Allowed range: -130 to +180)
© Includes all losses
Includes dielectric loss (perfect match)
No loss (directivity)
R v
Dual aperture-coupled Dual aperture-coupled Aperture-coupled Probe fed circular ring L-probe fed circular ring
CP stacked rectangular CP stacked square ring stacked rectangular patch, linear pol patch, linear pol
fing pa. ich, patch wil-slot,
Parameters Parameters Parameters Parameters Parameters
v v v t_aper circring circring_lprobe
beorthog_aper beorthog_equalsides_a
per -
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Antenna Design With AntSyn

28GHz > Patch-1-1 > patch:squarepatch:stackpifa_aper

. . = I;99;01713. z:;:).:o:;se; ; o.zsoT;m y:o.oossf:/s:wr: z o.oozsss:iSm ; 2""“'“":‘:“:’:‘::‘ '“"‘“"C""‘P:e
- In this example, AntSyn is used for a s .
multilayer patch antenna optimized to , B
Pl i«
28 GHz 5 e
- The design are reached R B e e ]

Gain:3p v | Band#1 v 283333 v 2 Gainpolar v | Band#1 v | 283333 v |2 GainPolar v ||Band#1 v| 283333 v B

- The model can be automaticany o Tot Ocopol Ocrompol | @ Bcernt Bfcmnrnt Dl | @ion DHors Daommot @ B

Gain vs Angle Gain vs Angle
5 3

exported to several EM tools, including
AXIEM and Analyst™

My Projects Shared Projects Examples

41 28GHz
4 Patch-1-1 - Complete

squarestackpifa_aper - - _ - - )

squarestackuslot_aper — FIs S il ©° deg Azimuth

squarestackring_aper Downloadfp: | Analyst AXIEM csT HFSS | | WIPL
squarestack_aper

squarestackcp2probeorthog_aper
squarestackcp2probeorthog_equalsides_aper
squarestackringcp2probeorthog_aper
squarestackringcp2probeorthog_equalsides_aper

DXF Convert to STEP FreeCAD SW Macro csv Matching Net Port Exc

‘7 NATIONAL
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AntSyn Stack Patch Verification in Analyst

+ 4-12mins solving time with Analyst 3D EM

- e -

Stack Aperture Patch Stack Ring Patch Stack U Slot Patch
[0 — — 75 [ — ———— 75 0 75
F——a—8——— 4}—*75,,,,7779777777{
-5 7 -5 7 -5 7
g8 —
1 g
P
-10 6.5 -10 p—— 6.5 -10 6.5
-15 6 -15 6 -15 6
-20 55 20 55 -20 5.5
-25 1 5 -25 5 -25 5
s 1_stack_aper_a aper_ay P —
-30 4.5 -30 4.5 -30 4.5
27000 27500 28000 28500 29000 27000 27500 28000 28500 29000 27000 27500 28000 28500 29000
Frequency (MHz) Frequency (MHz) Frequency (MHz)
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Feed Network Co-simulation of Antenna Array
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TRl AL
1x4 Fixed Antenna Array at Y-axis

Phased Array Generator [a@=
File Edit View Analysis Generate Help
Element Antennas | ElementRFLinks |  Tapers Failures Layout View | Antenna Pattern View|
Geometry | Feed Network | Element Groups
Editing in the Layout View is only enabled when the Custom geometry radio button is
selected. Select one of the pre-defined geometries or create a custom geometry.
To create a custom geometry you can choose one of the standard geometries and Generate | Hel
then choose the appropriate Apply button to set up a geometry as a starting point. You . patt = oelp
can then customize it by adding, removing, or moving elements in the Layout View. LU P Generate System Diagrams
Spacing units: Generate PHARRAY_F Data File...
R . Generate Schematic Layout...
© Lattice X axis Y axis
Element count: 1 4 Degrees) %0
between axes:
Element spacing: 0.5 0.55 E
© crraular L . . @ Generate Circuit Schematics
Rac|  Element Antennas Element RF Links Tapers Failures
1 0. | [By default elements that do not belong to a group will be configured with the Default
Configuration. Ungrouped elements may also be configured individually. L
The antenna elements and layout is modeled with patch antennas in an EM structure. The
Configurations: mdw'l‘dulnl antenna e:)emen: ey be copied from an existing EM structure, or a rectangular
10 it N
Tl o patch element may be specifie
Delete .
- \° g Design frequency: 28
o= *P} 4*, gn frequency:
s Ts
X -
1 Frequencies M D _
(@ isting EM siructure o use s template:
2 Antenna Gain Only EM structures with at least one EM port and all EM ports having the same port
3 number are listed.
& ) <272 <172 -7.20 2.30 12,5
Temperature dep.: E N . (©) Rectangular patch antenna element:
Circuit board dielectric constant Er:  12.9
© birectwity: 0 Element Antennas Element RF Links |  Tapers Failures
Artay analyzed for | ] Element tapers adjust the gain and phase of the elements. :
Temperature de.; bere adiist e galo 2nd o tenghunts: [om ]
Patch width: 1.461
Efficiency: 80
RIpEEOCRs T?pers Resonant length: 1.461
b () Standard taper: | Dolph-Chebyshev
Connection point along patch width: 0.7304
(©) Effective area: 1 SLR (dB): 30 .
- AL Connection point along resonant length: 0

Temperature dep.: @
c > (@) Custom Tapers:

Radiation pattern: AXM_28GHzElem1 1 - dB Gain Phase, Degrees | Apply Standard |
Radiation pattern is only available if there is at least one Text Data File in j  -7-3504494397111 o
the proiect. 2 0 0

3 0 0

4| 7.3504494397111 0
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Stripline Feed networks
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Stack Patch
Antennas

[] Edit EM Structure Annotation

Measurement Type Measurement |Search... EM Sil ion Document
[=]-Annotate ANTENNA_3D P
ased_Array_Antenna_Arra) v
Antenna ANTENNA_CKT_3D [ L_Array_/ _Array. ]
Debug EM Excitation circuit
EM3D
ERC [SubArray1x4_0pt v ]
Planar EM
Id
SUBCKT.S6 v
View Number
3D Antenna Pattern from circuit excitation |1 | -
Simulator APLAC HB - Include Resistive Losses

Configuration

Complex Modifier

Real Imag. Mag. Angle
Conjugate [V]dB

Complex

[] Include Reflection/Coupling Losses

Polarization

AngleU [Total A4 ]

Relative Scale
|0.5 ‘

Opacity
|o.7 ‘

Show Color Bar

Log Range (dB)
[ |

Sweep Freq (FDOC, n=5)
[Freq =28 Gz ~|5

Select Data Set

I(Current Result} v ]

Select Data Set (second source)

I{Current Result} v ]

0K “ Cancel “ Help “ Favorite ”Meas. Helpl

7

7

4

F]e/cl}/figéf\%& g /” s
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Optimization for Sidelobe Rejection, Gain, RLs

-4-DB(IPPC_TPwr_CKT(SubArray1x4_Opt.AP_HB,SUBCKT.S6,1,1,90,2,1)))[3
Phased_Array_Antenna_Array.AP_HB Age(lsm AN (L(;) ega(\sm ) (L)
ibArray1x4. t IbA x4
1 DB(PPC_TPwr(1,1,90,2,1)(3] uoraytd o i
SubArray 1x4 EDB(lSF_TPwv_CKT(SubAnaw x4_Opt.AP_HB,SUBCKT.S6,1,1,0,0,1)|) (R) XDB(\SF_TPWVU .1,00,1)) (R)
ly_ Phased_Array_Antenna_Array AP_HB ‘SubArray_1x4
15 -5 13
m3: Offset (m1
m2: Offset (m1) ms3: Offset (1)
-12.5 Deg - ed =
: 9.508 dB I
9.506 dB FDOC = 28 GH
FDOC = 28 GHz - z ;
5 -10 12.25
5 m1: Maximum -15 11.5
- 0 Deg
12.51dB
FDOC = 28 GHz
15 20 10.75
i _ ) 10
5 " ) " < 1sec/lteratidn o 2 255 %
Angle (Deg) p1: FDOC = 28 GHz Frequency (GHz)
p2: FDOC = 28 GHz o [E8][R]
3 e Relative Goal Cost Cost History
7] 21 ivield | ] 9 o
Document Element D Parameter  Value vTune vOptimize v Constrain  Lower B atons (200
SubArraylx4_Opt EQN Wh2 0.201499581813812 /| 7] 02
SubArraylx4_Opt EQN Whi 0.438685302734375 V| ¥ 01 05 0005
SubArraylx4_Opt EQN Lb2 2.56647978515625 /| v 12 36 005
SubArraylx4_Opt EQN Lbl 8.49639544677735 /| 7] 2 1 005
SubArray1x4_Opt EQN La 0.108664897608757 V] 7 01 155 = =
SubArrayx4_Opt STAPER sLL L 0.223038861082084 ] v 02 26 (Enalee Goss )
SubArraylxd_Opt SCTRACE TLI4 W 0.257700504726562 ] 2 01 05 0005 AT e =0
el TIRACE Tl 5.0044012020571 =z =l 4.0 0.005 Cost = 0.468809
- g P
|- (= Optimizer Goals Show all iterations
[ Phased_Array_Antenna_Array.AP_HB:DB(|PPC_TPwr_CKT(SubArraylx4_OptAP_HB,SUBCKT.S6,1,1,90,2,1)[)[3]<-6.07956.-20.053 [w=1, L=2, Ra| 0,005 Stop at minimum error
] Phased_Array_Antenna_Array.AP_HB:DB(|PPC_TPwr_CKT(SubArray1x4_OptAP_HB,SUBCKT.S6,1,1,90,2,1)|)[3]<-20.2359.-6.33562 [w=1, L=2, R 005 [ Stop on simulation errors
] Phased_Array_Antenna_Array.AP_HB:DB(IPPC_TPwr_CKT(SubArray1x4_OptAP_HB,SUBCKT.S6,1,1,90,2,1))[3]>12.5 [w=1, L=2, Range=-0.0872] o5 Cancel current iteration on stop request
[ Phased_Array_Antenna_Array.AP_HB:DB(|SF_TPwr_CKT(SubArray1x4_OptAP_HB,SUBCKT.S6,1,1,0,0,1))>12.6 [w=10, L=2, Range=MIN.MAX] m Stop Reset | [ save | [Revert m m
= SubArray1x4_OptDB(|S(1,1)])<-12 [w=1, L=2, Range=MIN.MAX] (isen) E )
@ Goals | = Variable History | =1 Goal History
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Active Electronically Scanned Array (AESA)

For 5G Pole Size Small Cell BS
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1x8 Phased Array at X-axis with FEM PA

Phased Array Generator [a@]=
File Edit View Analysis Generate Help

Element Antennas | Element RF Links | Tapers Failures

Layout View | Antenna Pattern View

Geometry | Feed Network | Element Groups

Editing in the Layout View is only enabled when the Custom geometry radio button is Qenerate] ﬂelp

selected. Select one of the pre-defined geometries or create a custom geometry. "

To create a custom geometry you can choose one of the standard geometries and Generate System Diagrams...

then choose the appropriate Apply button to set up a geometry as a starting point. You 5

can then customize it by adding, removing, or moving elements in the Layout View. Generate PHARRAY_F Data File...
Generate Schematic Layout...

Spacing units:

@ Lattice X axis Y axis \ N ‘ N X ‘ NN ‘ NN N\ ‘ MO ‘ O
Element count: 8 1 Degrses) %0 \ \
between axes: N\ \ \ \ \ 2\ \
\ = N\ = ¢ =\ N\ S\ N\ SN
Element spacing: 0.5 0.5 \ \
0804068088080 — S L B
© circutar \ \ \ \ \ \
Radius # Elements Degrees Phi 0 Add Antenna Pattern = - | ~\y N\ = ‘ =y <
1 0.1 8 0 LA \\\1 NN \\\‘ \\\j 1 - IR
Delete
N N\ N\ N N\ N\ A\
\ \ \ \ \
| | | |
\\ N\ N\ \ A\ \
~) Custom \ \ \ \ \ \ \ \ \
X Coordinate Y Coordinate Add
1 0 0 N N N\ N N N N\ N\ N N A\ N N\ N N N N\ N N
B s 0 Delete 2LMHHMEMHRMIDBIDHMLUIMHMIEMMIMDMEMIMHMADIHEHNHHHEHHHHMHHHHHIMHIHMBMDHGHZIDH/H/ummpiHi_ARHMHMMHHEMHEHHMHHIHHHHMHHMIHHMMMMDHPpIDALDDMMNKN
3 0 0.5 Apply Lattice
4 0.5 0.5
ol oruer 60 x 26 mm”"2

Array analyzed for 1 powers and 1 frequencies, 8326 data points computed.

4,52 4.5 24,85 34,5 A5
roject | Layout [t Elements| K H Tl e
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Realize Feed Structure of Active Electronically

Array (AESA)

Phased Array
Generator

FREQ << 2.80+10/_FREQ U
DATAFILE << "Phased_Array 1_Data"

Generate| Help

Generate System Diagrams...
Generate PHARRAY_F Data File...
Generate Schematic Layout...

PORT1

P=1

2=50 Ohm
Pwr=-10 dBm

/20N

[

THETA ST <<0
PHI_ST
SUBCKT SUBCKT
=51 2
eed Network 18" Phased_Array 1_Group_Default"
LOSS=9.0309 =1 SUBCKT
50 Ohm ID=S1
‘Phased_Array 1_Antenna_Ar
_ Conn_ 1ty 1 2 Conn_2_1 R
SUBCKT Conn_2 $>—8—
3 2
_ Conn_1_2 Phased_Array 1_Group_Default’ Conn_2 $>—8—|
B INDEX=2 =
Conn_1.3, . 2 Conn L0gm 2.5
7 Conn_13
4
SUBCKT Conn_2 F>-8—
- Conn_1_4 Phased_Array 1_Group_Default" 5
1 INDEX=: Conn_2 58—
Conn_1.5, 2 Comn_2.3 °
3 ~'=%Conn_15> ~“eonn_2. 5>
SUBCKT )
ID=85 Conn_2 =>—8—|
_ Conn_1_6 NET="Phased_Array 1_Group_Default’ onn_2.-
INDEX=4 8
’—‘ Conn 2 $=>-8—|
Conn_1_7, 1 2 Conn_2_4
8 Conn_1%97
SUBCKT
ID=86
= Conn_1_8 NET="Phased_Array 1_Group_Default"
INDEX=5
1 2
Comn 14 Comn 2.5
NET="Phased_Array 1_Group_Default"
INDEX=6
1 2
Comn 14 Conn_2.6
SUBCKT
ID=58
NET="Phased_Array 1_Group_Default"
INDEX=7

ni.com/awr

Conn_2.7

NET="Phased_Array 1_Group_Default"
INDEX:

Comn 14 Conn_2.8

SMA

poRT1 suBcKT
54 0 S
2-50 Ohm ) NET="Schemaic 1"
= W
Ce [T ] e

P T e

Beamformin
Chip

T T T T T T T T S
stz Avd !
'

ox

'
'
|
'
1
'

|
baool-rjoltasinl xE

/0 sHO8S

'
banook-rjoitasinl xE
0gV sHaee.e

1]
ey 8 |
o

China National C

BPF

SUBCKT

nn_1_SUBCKT

= “ip=s20
NET="Schematic 1_§
3

nn_1_8

suBcKT
e
NET-Schemati 1
SuscKT
QPRICS )
fi NEL-Fiter_EM_8PF"
Com 19>
‘susckr
o1
Conn_1. NET="iFilter_EM_BPF"_
suBckT
e
NET-Schemati 1

Scanned

wor TLS

N

hased_Array_Group_Default”
IND!
PHI_ST=PHI_ST Deg

1 2

SUBCKT
D

="Phased_Array_Group_Defaull”

D=
NET="Phased_Array_Group_Defaull”
INDEX=

1

SUBCKT
D=

CoM2_1gonn 2§58
Conn 2, ﬁ—k
Com_26>-5—]

Com 2.2 .

Gonn 2 F>—8—

Com 26>

Gonn_2. 300 2 >
Com 25>
Com 26>

Conn_2.4

Comn 2.5

Conn_2.6

Conn 2.7

Conn_2.8
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Stand Alone Array vs. AESA Co-Simulation

- Ang_ST=0
- m1: Maximum
453 dB
: 5 o = Stand Alone A
[a- Modify Measurement =] 60 and Alone Array
50 - Ang_ST=-20
Measurement Type Measurement |Search... EM Structure Name
“Data o | [PPC_AR_ckT 40 % Ang_ST=20
] — | |PPC_EPhi_CKT [EM Structure ANA_3 v]
[=)-Electromagnetic i 30
! Antenna PPC_ETheta_CKT o o
i PPC_LHCP_CKT Excitation circuit 20
& Antenna_CKT =|| |PPC_RHCP_CKT
Sweep Frequency |~ PPC_TPwr CKT [Phased_Array v] 10
Sweep Phi I / \
Sweep Theta L] d 0
Obsolete \ | Vol A
- SUBCKT.S10 v _ N \ \ /I
Linear E] 10 \/ \\ ”r' \ \/ \H \\/B
i - \ \J |/
Load Pull ~ 20 —— \/ I |
- Include Resistive Losses |
Circuit driving Total Power Radiation Pattern (Sweep -30
theta
) Include Reflection/Coupling Losses -40
Simulator [APLAC HB '] . -90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90
Phi (degrees) Angle (D
Configuration = [0 | ngle (Deg)
Complex Modifier Sweep Angle Step (deg)
(C)Real (7)Imag. @ Mag. (") Angle (") Angleu [z.o v] oo e s a2
Hsereme STt pro s 6 BITSI011021000
Complex Conjugate ds Mag Max

50 dB

Use Interpolated Data

Sweep Freq (FSAMP, n=5)
[Freq =28 GHz v ]

Select Data Set

[{Current Result} v l

Select Data Set (second source)

[(Current Result} v ]

oK H Cancel ” Help H Favorite HMeas. Helpl

10dB
Per Div

Mag Min
0dB
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IBM/Ericsson

28-GHz Dual-polarized TRX Front-End Breakout 32 TX, 32 RX, 28-GHz Phased Array IC

RX Phase Invariant
VGA and Phase
Inverter
TX Phase Invariant
VGA and Phase

LNA +T/R
SW

T-line based 180°
phase shifter

China National C

4.7 mm

== 2x2 TRX Beamformer

2.4 mm

Optional
filter

INOUT

I te
/4 £sD nverter TX/RX SW Parameter This work Qualcomm 18 [1] LG 18 2] IBM "17 [3] UCSD 18 [4]
Proces 0.18 pm 28 nm 28 nm 0.13 pm 0.18 pm
CSS
SiGe BICMOS LP-RF CMOS LP CMOS SiGe BiCMOS SiGe BiCMOS
15.8x10.5 mm*2 Elements per chip 4 TRX 2x8 + 8 TRX 8 TRX 2x16 TRX 1TRX
Elements in array 64 TRX 2x4 + 4 TRX 2x8 TRX 2x64 TRX 32 TRX
Chip area (mm?) 1.3 27.8 73 165.9 1.7
. . . RF front-end + PLL | RF frontend + VCO RF front-end +
LG IC integration level RF front-cnd + RF/IF conversion + RF/IQ conversion RF/IF conversion RF front-cnd
Polarization Single Dual Dual Dual Single
1"PA/ Phase  _ ~ """ " Tococl P RF gain cont. RX (dB) 26 9 22 8 14
LD s RF gain cont. TX (dB) 20 8 2 8 14
4 ¥ Phase step (°) 5.6 45 45 4.9 5.6
.@ g = E- / H-planc scan (°) +25/ £50 +45/ £45 -/ £20 +50 / £50 +25/ £50
p 5 Sidelobe level (dB) <-10 <=7 <=9 <-12 <-12
w{§]—®—§ :{xlnjectlolp-lock- ; TX OPg / ¢l (dBm) 12 S12 95 135 105
;@_é_g 3 zsctzoveo [y TX OP / el. (dBm) 13 >14 10.5 16 12.5
! z 3x njectiop-lock{ RX 1P g5 (dBm) 210 - - —225 ~220
%{§]—®— 3 5 9:33GHz VPO RX NF / chip (dB) 18 3447 67 60 16
;@_é_: S tExter TX Ppc / el. (mW) 220 @ Pygp 122 @ Pygp 85 @ 24 dBm EIRP 319 @ Py 200 @ Pgp
! 5 e RX Ppc / el (mW) 150 42 50 206 130
#@]—ﬁ—é EIRP at Pey (dBm) 52 34-35 / pol. 315 54/ pol. 45
DL@_@_S Calibration No No - Yes No
1 8 Gbps 16-QAM @ 3
S _ 18 Gbps 16-QAM @ Sm |, ) v ppy LTE 20 MHz 6.0 Gbps 16-QAM @ 5 m
_____ e B Over-the-air data rate 9 Gbps 64-QAM @ 300 m 64-0AM @ 2 m 64-0AM @ 25 m - 1.6 Gbps 16-QAM @ 300 m
12 Gbps 16-QAM @ 300 m - - - - 6 ©bps 16- :
“A Scalable 64-Element 28 GHz Phased-Array Transceiver with 50 dBmEIRP and 8-12 Gbps5G Link at 300
Meters Without Any Calibration,” IMS2018 7NATI°NAI.
“A 28-GHz CMOS Direct Conversion Transceiver With Packaged 2 x 4 Antenna Array INSTRUMENTSN
. for 5G Cellular System” JSSC May 2018
m.com/awr “Phased Array Innovations for 5G mmWvae Beamforming,” IEEE 5G Summit, IBM 2015
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Behavior Model of Beam Forming Chip

SUE
\D-Sdﬂ
Ast=A ST A8=-8.6
! il A7=-3
Cam 0.1 20 0m A6=-1.2
2 et
NET oo Nt ST . PORT A3;—1. 2
Proid om0 Som A2=-3.
et e A_ST<<10 A1=-8.6
Comn 02
NLAVP
1D=AM
R I | o< cmos ATT={A1,A2,A3,A4 A5 A6 A7 A8}
Z=50 Chm Con 04
D E 1
= omes - Ang_ST
EreE FREQ <<_FREQ Graph 1/mt: Maximum -
cmes o 2 INDEX << 1 60 Y {3 Stand Alone Array
10 Ast<<0 J
Com 07 att<<ATT a={0,1,2,3,4,5,6,7} 50
0
Ang=-1.5*(a[INDEX]*180*sin(_ANG_U*(Ast+1.8)))
. com 08 . o GAIN_ADJ=att[INDEX] 40
PHASE2
ID=P1 30
_____________________ N S2P_BLK A=Ang Deg
''PA/ Phase | ID=X1 S=0 Deg 20
agetiney 1 $11=0 F=0 GHz
u{§]-@- . (N PORT S21=polar(lin(GAIN_ADJ), 0)  Z0o=50 Ohm 10
\ g ] P=1 S12=polar(lin(GAIN_ADJ), 0)
":‘@—@*w X B—° e s 7=50 Ohm §22=0 0
i 5 1 ASAST | . PORT o @
| U no P9 > 8 <
[g] Qj =] 3x Injectiop-locked '~ j Z500m 10 _ /\
i £ 28GHz QVEO PORT / N/
o /
5 § @ o \| /
) P=2 — 1 /
! 3x Injectiop-locked = - 7=50 Ohm _20 ia 4 \/

b:_[§]_@_ 9.33GHz VEO
| E
|[§]
1
i
1
1 §
| 8 arrays

Combiner / Splitter

IExternal -30
IClock

Combiner / Splitter
o2
1
A
o

-90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90
Angle (Deg)
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SW 5mm

Plextek RFI 3.4x2 mm”2

LNA

Plextek white paper: Case Study —

Ref  Process # Freq. Gain Power PAE  Die Al;ea Single Chip Front End Module (FEM)
# Tech. Stages (GHz) (dB) (dBm) (%) mm for 28GHz 5G
] GaAs 3 30 22 385 20 22.0
2] GaAs 3 30 24 36.5 22 8.6
[3] GaAs 3 29 24 36.3 32 16.3
[4] GaAs 3 30 21 36.0 31 14.0
[51 GaN 2 27 13 37.0 20 144
(el GaN 2 28 13 36.0 24
7 GaN 2 29 22 39.7 29 17.2
[8] GaN 3 285 24 394 26 9.7
[8] GaN 3 29 25 37.0 30 4.8
MMIC1 GaN 3 30 28 40.4 30 1.7
MMIC2 GaN 3 29.5 28 37.8 34 5.6

4.5 mm

Table 1. Published Ka-Band Benchmarks.

Samsung IMS2016

“High Efficiency Ka-Band Gallium Nitride Power Amplifier MMICs,” IEEE COMCAS 2013 7NATIONAI-

“A highly integrated RF frontend module including Doherty PA, LNA and switch for high SHF wide-band massive ’ INSTRUMENTS
ni.com/awr MIMO in 5G,” PAWR '17
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GaN FEM

PORT 1P3=42 dBm SPDT
P1DB=32 dBm ID=81

=)
2250 Ohm STATE=0
BIT=0
PRI
< ~ | -
PORT = 5 4-—<]
P=3 N
2250 Ohm PORT
3 p=1
2250 Ohm

RXSW_1 TXSW_1 TXVD_1 TXVG3_1 TXVG12_1 RXVD_1 RXVG_1

Channel 1
i 4—”: TXIN_1
b—n » RXOUT_1

q_“e TN 2
$ » 1| % » RXOUT_2

Channel 2

[

(otm)l

NL_AMP2
IDZAM2
NFMIN=3 d8
RN_NORM=0.5
GOPT_MAG=0
GOPT_ANG=0 Deg
1P2H=40 dBm

S g I 1P3=20 dBm
7‘”‘“5?5} / 2 P1DB=10 dBm

ANT2 <«

NF=4 dB
1P2H=60 dBm

PORT 1P3=42 dBm

P1DB=32 dBm

A

P=5
2250 Ohm

B

PORT = AJ—Q

= P=6

20X0.450 2250 Ohm .
( (TN N ~ P4

=N 2250 Ohm

Exitation Power

Product Features 0

Industry First 5G GaN FEMs

Commercial solutions for 28 GHz and 39 GHz

e Frequency Range: 37-40.5GHz '

RX Noise Figure: 4.2 dB
RX Small Signal Gain: 18 dB
RX Saturated Power: 17 dBm

RX TOI: 20 dBm @ - 5 dBm Pin / tone

TX Small Signal Gain: 23 dB
TX Saturated Power: 33 dBm

TX TOI: 42 dBm @ 24 dBm Pout / tone
TX ACPR: 32dBc @ 24dBm average Pout 2

TX Linearity: 4% EVM @ 24 dBm average Pout 2

TX PAE: 7% @ 24 dBm average Pout.
Package Dimensions: 4.5 x 6.0 x 1.8 mm

ni.com/awr

@Qurvo
@PFY0D5

28 GHz
QPF4001/4002
© aGrvo Rx Noise Figure 35d8
QPF4003 RxSmall Signal Gain 18 dB

TxSmall Signal Gain ~ 25dB.

Tx Saturated Power 3033 dBm
TXPAE 10%

@orvo
PFYO0e =

Qorvo

QPF4005 Datasheet Qorvo

© Qorvo |
QPFY400b
=

T

39 GHz
Rx Noise Figure 42d8
Rx Small Signal Gain 18dB
Tx Small Signal Gain 23dB
Tx Saturated Power 33dBm
Tx PAE 5

30

20

10

[& DB(Pcome(M_PROBE vP1.1))i1X] (dBm)}
Phased Aray AP_HE.

[F=IpB(Pcompm_PROBE VP2, 1)1, (dBm)
Phased Aray AP_HB

|© DB(Pcome(M_PROBE VP3.1))i1X] (dBm)}

Phased Aray AP_HE.

| DB(Pcome(M_PROBE vP4,1)){1X] (dBm)}
Phased Aray AP_HE.

|-—0B(Pomo_PROBE vPs, 1)1 (48|
Phased_Aay AP_HB.

|- oB(Pcomo(_PROBE vPs, 1)1 (48|
Phased_Aay AP_HB.

- D8Peomo(_PROBE V7, 1))(1.X] (¢8rm)
Phased_Aay AP_HB.
DB([Pcomp(i_PROBE VP, 1))(1X (48|
Phased Aay AP_HE.

5 10 14
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_3DGlassBPF _)F DLI B280LBOS Murata Quartz WG BPF
- e - Ground pad ‘ . — ) .5l50x.00‘2 . B ) |

350um 350um | d
g LR
[ | 11204002
/m l—o SMT launch

0.5mm

Quartz covered with silver

¢ (350) ,
’ STAINLESS STEEL COVER |
T 7
~ N

S A e A R Print circuit board (RO4350B)

Figure 3. Dimensions and details for SMT launch and \—c:nAmc FILTER

ground pads. (£.=3.66. tan & =0.004. t=0.256mm)
2 28GHz BPF Y I — 0
-10 + -
£ /, \
0 L o -20 - AN\ -20
S / ‘
20 —DB(Is(2. 1) -, = ~
Measured X z [}] C
DB(S(,2)) \\ © . £ / m -40
0 Moasurod - P s 40 + \ E
DB(|$(2.2))) R
s -_50 5 ‘ E 50! \ -
60 g E Al 60
(3dB BW: 387GHz ] = -60 E —
80 | Center: 27.86 GHz | E
o -70 E -80
2100 Y Y T S S T SR R S S
0.01 10 20 30 40 50
recuency (GHy 25 26 27 28 29 30 31 32 100 . . ‘ . . . ‘ 5
Frequency (GHz) 24 25 26 27 28 29 30 31 32
From https://www.3dglasssolutions.com/ Frequency [GHZ]
B280LBOS Datasheet DLI “A Compact 28GHz Band Pass Filter using Quartz Folded

Waveguide,” IMS2018
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’ INSTRUMENTS

ni.com/awr




China National C

ctronic Design Innovation Confere

B FIRit el RS

Strip Line BPF LTCC BPF

Suspended Strip Line BPF

- 0.562¢
&7 0.170 4"37
0282, 22—
)

0.022, < -

- DOC_SET - -
- DS - - - C
- Sources=['Fiter BPF} - - -

o Source>
. u S

. |D,DS1 ....... L 1 T—4 .
- Sources={"BPF: 28GHz"} DY4 '_T=3'

0.13%¢ -

Source>| /"_()-2”%'_.’/ LI
== |
I
Resonator_28GHz iFilter BPF IL RL 0r
10 m1: Maximum 0 = = = = [
28.2 GHz [
-0.02695 dB -10 X
0 B o a o
——_— P _ —~
F:‘" 2 2 -20
10 ":;-‘« g 2 m1: Maximum ~
S 27900 MHz &
g -40 -2271dB m _30
£ <
-20 2 - L
£ =~ -40 : . ;
w2 N A : ¢ |====Simulated
-60 b . Measured
.30 .
=S50 e
0 m2: Minimum . -80 - 60 YO E—— I 0
20 25 |oacH: . 30 35 24000 26000 28000 30000 32000 3 20 25 30 35 40 45
2281 |(GHz) Frequency (MHz) Frequency (GHz)
J

“LTCC VERTICALLY-STACKED CROSS-COUPLED BAND- PASS FILTER FOR LMDS BAND
APPLICATIONS,” Progress In Electromagnetics Research C 2011
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Microvia and PTH

]
RIS sseum | |

ITeIF A=

AT&S 8 layers PCB stack

|

BT
CETT E—

i -
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Suppress Spurious Wave Modes
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E field of mmWave Transmission Lines
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igure 9. This diagram illustrates how the electric fields of a GCPW circuit use four layers of ENIG plated finish,
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mmWave Circuit Design Challenge

= Conductor Loss (resistive, skin effect, roughness) Low Frequency High Frequency
= Dielectric Loss (loss tangent) : :
Microstrip
= Radiation Loss (proportional L/A) skin Depth in Wavelength
- Frequency (GHz) Copper (um) (Er=3.66) (mm)
SR Lol 1 2.00 179
Copper | Dielectric | Total | Copper | Dielectric | Total
Frequency | Loss Loss Loss | Loss Loss Loss 10 0.67 17.7

10 MHz 0.005 0.001 0.006| 0.005 0.000 0.005
100 MHz 0.019 0.012 0.031| 0.019 0.002 0.021
1 GHz 0.090 0.123 0.213| 0.090 0.017 0.107 40 0.33 4.53
10 GHz 0.330 1.227 1.557 | 0.330 0.173 0.503

30 0.38 5.73

77 0.24 2.36

FR4 dielectric loss exceeds
copper loss at 1 GHz

15,8 um
ENIG Tum Ni
~47% Gap Loss 30um 0,10 pm Au
“Overview and Comparison of Microwave PCB
Transmission Line Circuits” Rogers, PCB West 2012
“Wideband characterization of printed circuit — 15.50m e
board materials up to 50 GHz”, Aleksei Rakov T omptos Soum 010 ym A
29,7um
EPAG 0,15 pm Pd
~1% Gap Loss 0,10 pm Au

Figure 2: The impact of established Ni containing finishes on line and space.

Figure 3.24 An example of the validation of automatically detected peaks
“The Future of Nickel in Nickel/Palladium/Gold Final Finishes”,PCB Design Magazine April 2015
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15,8 ym
ENIG 7um Ni
~47% Gap Loss 30um 0,10 ym Au
t
Sg5mil Microstrip
m l Cu=0.24 mil (f= 1.0 Gz Conductor
] 7um Ni
Imax (1/e)l max ENEPIG 045 ym Pd
~48% Gap Loss
0,10 pm Au
Imax (1/e)
0 { ( Il‘) max
Cu=0.24 mil —
A‘JZ‘.‘.:'&?:'&:%;"MH}F'="' EPAG G5umPd
~1% Gap Loss 0,10 pm Au
- ~~
= 0 = Figure 2: The impact of established Ni containing finishes on line and space.
7. This cross-sectional view shows the current distribution across a microstrip
conductor and its ground plane.
. S— . S IL Singl IL Differential
Encl | Material Defs. | Dielectric Layers | Materials | EM Layer Mapping | Line 0 ngle 2
Material properties for conductors, vias, etc... (thickness specified in mil)
Name Thickness  Material Defi... Etch Angle  Roughness 0
Perfect Conductq 1.4 Perfect Conducto 0 0 -1
1oz 1.22 Copper 0 0.0236
-2

-&-Re(Eqn(S21_1000mil_Diff))
IL

-4

3 EPDAB(Ils(?Y 1._-)” o E}:IR_e(Eqn(SZ1_1OOOmiI_Diff_AuNi))
Ref: “Reviewing The Basics Of Microstrip rovele oem 5
Lines”, MICROWAVES & RF n MARCH 2000 ’

~%-Re(Eqn(S21_1000mil))
-4 IL
= -8
T
-5 -10
0 10 20 30 40 50 0 10 20 30 40 50
Frequency (GHz) Frequency (GHz)
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Roughness and Etching Studying for Strip Line and GCPW
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RFIC/MMIC in QFN/Flip-chip/Wire-bonding Package
on PCB Board

We are interested in the launch from the board into the package by means of bond wires/flip-chip and
including the quad flat no lead (QFN) package or IC carrier board/module

Cu Pillar + Cu p-Pillar +
- SnPb C4 Bump Pb-Free C4 Bump Pb-free Cap Pb-free Cap
@ nAg
Structure m @

Diameter 75 -200 um 75 -150 ym 50-100 um 10-30 um

Electromigration

Interesting questions are:
* Performance of launch

* Ground studies

* Package resonances

* Optimization of layout

* Yield analysis

INSTRUMENTS
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3D Cells and PDK (Library) Cells (Analyst)

* 3D Cells are predefined, parameter controlled cells, for

common types of 3D objects:
* Bond wires
* BGA balls
* QFN packages
* SMA connectors
* Custom cells

The simulator needs to support the cell

e Library cells are part of the PDK for the technology. Their
layout can be used for

* Vias

* Multi-metal layer lines Grounding vias from
‘ the board PDK

* Spirals
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Surface Mount SMA to SL and ML

Surface Mount SMA

0 A [ ] =1 <t —
10 —
A5

X A DB(IS(1,1)]) --DB(IS(2.2)))
-30 / SMA_M9_GCPW_500hm 1umRough ANA SMA_M?7_Strip_500hm 1umRough ANA
‘ DB(S(2,1))) DB(|S(1,1)])

SMA_M9_GCPW_500hm 1umRough ANA SMA_M9_GCPW_500hm 1umRough ANA 1
<> DB(|S(2,2)) DB(IS(2,1)])
_ 40 (O SMA_M9_GCPW_500hm 1umRough ANA SMA_M9_GCPW_500hm 1umRough ANA 1
2<DB(IS(1,1)]) DB(IS(2,2)])
SMA_M7_Strip_50ohm 1umRough ANA SMA_M9_GCPW_500hm 1umRough ANA 1
—DB(IS(2,1)))
SMA_M7_Strip_500hm 1umRough ANA
-50
Frequency (GHz)

‘7 NATIONAL
’ INSTRUMENTS

ni.com/awr




China National C

ctronic Design Innovation Confere

B FIRit el RS

Additional Information (Knowledge Base)

- Many useful articles, scripts, and extra examples can be found within the NI AWR
software Resource Library: awrcorp.com/resource-library

- AWR website: www.awrcorp.com/

- E-Learning portal: awrcorp.com/awr-support/training-center/e-learning-portal

- AWR-TV YouTube video channel: awrcorp.com/awrtv-player
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